.
(2) R. E, Honig, J, Chem. Phys. 22, 126 (1954) .
(3) H. A~ Chupka and M. G. Inghram, J. Phys. Chem. 59, 100 (1955) .
with respect to the heat of sublimation of graphite to monatomic carbon and have 
R. J. Thorn and G. H. Winslow, J. Chem. Phys, 26, 186 (1957) . respectively. There remains, however, the evidence of the effusion experiments of Doehaerd, Goldfinger and Waelbroeck5 with very small hole-to-interior surface (5) T. Doehaerd, p. Goldfinger and F. Waelbroeck, Bull. Soc. Chim. Belg. 62, 498 (1953) .
ratios which indicates some additional vapor species with higher equilibrium pressure but an evaporation coefficient about 10-3 in the temperature range 0 , ,6 7 2500-2700 K. In addition, the measurements of Begue and Basset indicate vapor (6) J. Begue; Thesis, Paris, 1945; (6b) discussion by P. Goldfinger and F. Waelbroeck, Bull. Soc, Chim. Belg. 62, 545 (1953) .
(7) J. Basset, Chemie & industrie 45, 36, 7 (1941) ; J. Basset, Brennstoff-Chem. 23, 127 (1942) ; In seekipg an explanation for these latter observations, we were led to a general consideration of the bi-codrdinate state of carbon. A long chain of localized double bonds, alternately in the x and y planes, is quite unstable as compared to graphite. However, complete resonance or conjugation such that each bond is axially symmetric yields a large stabilization. Carbon dioxide provides the most familiar example of this type of binding. Carbon suboxide O=C=C=C=O provides a better example and use will be made of data on this compound below. The sj.mplest form of molecular orbital theory is first applied to the linear C specj_es and qualitative conclusions drawn. Them quantitatbre n calculations are made and the results compared with the experimental data. Ring molecules are also considered and found to be unimportant under most conditions. The situation for c 2 has been admirably discussed byMulliken 9 but it (9) R. s. Mulliken, Phys. Rev. 56, 778 (1939) .
seems desirable to review it briefly for comparison with the larger molecules.
There are 8 valence electrons which fill the lowest crg and cru levels and leave . -8-
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in the vicinity of 3 ev as follows:
The energies of these various states for c 3 were obtained from the orbital energies of Fig. 2 The lowest states based upon configurations with two electrons excited were estimated to lie above 4 ev, consequently the diagram in Fig. 3 may be regarded to be complete up to that level.
As the length of the molecule increases, the levels rapidly fall into the ' 13 band pattern of the infinitely long chain, Fig. 4 . Shockley has shown that, (13) w. Shockley, Phys. Rev. 56, 317 (1939) .
in a case such as this, there are two terminal orbitals (hereafter written t orbitals) which split off, one each from the upper and lower a bands, as p decreases below the point where the 2s and 2p band intersect. For a molecule C there are 4 n valence electrons. The lower a band has n n-1 orbitals and accommodates 2 n -2 electrons and the t orbitals accommodate The curves marked t-orbitals are for the pair of orbitals associated primarily with the terminal carbon atoms.
UCRL-8675 4 electrons. There remain 2 n-2 electrons to.be accqmmodated in 'then band.
At a distance near p = 4, the 0 1 band is, of course, empty in the ground state or low-lying excited states.
Since the orbitals of the n band accommodate 4 electrons each, molecules with n odd will just fill the lowest (n -1)/2 of the n orbitals and will have 1 +--ground states. Molecules with an even number of carbon atoms will g completely fill the lowest (~ n -1) of the n orbitals and place 2 electrons in the next higher n orbital. -This will yield a 3 z • ground state with 1 6 1 + g g and ~ states based on the same configuration at slightly higher energies. The discussion has implicitly assumed approximate uniformity of bond distance. Even ~ species might be considered in terms of an alternating triple bond single bond structure with single electrons at each end, but our estimates place this structure at substantially higher energy.
Let us restate the description of the long chain C molecules in more by the equation
where the atomic integrals a .. depend in general upon the electronegativities Slater's atomic orbitals for the overlap integrals, the third (L-F) uses selfconsistent field atomic orbitals for the overlap integrals.
With zero overlap integral and considering only nearest neighbor interaction, the secular equation (1) 
J. OJ. 0
1
Because of the equivalent of the x and y directions for n electrons, each orbital is doubly degenerate and can accommodate four electrons.
If the overlap integral is evaluated, and if only nearest neighbors are considered to interact, then the solutions of Eq. (1) are of the form
The values for overlap integral at 1.28 A are 0.299 for Slater orbitals and 0.395 for self-consistent field atomic orbitals.
For each of the three sets of calculations, the conjugation energy is obtained as the difference between the delocalized total energy for the bond distance 1.28 A (observed for c 3 ) and the localized total energy which is (~ -1) times the standard double bond energy at the standard bond distance. In addition to the results for molecules through c 13 shown in Table IJ   6H   0° of formation values were calculated by the L-F method for c 14 (302.9)J cl5 (294.~)J c16 (324.8)J c17 (318.1 kca1/mo1e)J and for the infinite chain} 12.7 kca1/gm atom of carbon.
-17-UCR1-8675 factor of two in the multiplicity of the 3 n state. .,-19-
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The best basis now available for estimating the increment to a thermodynamic function on increase from C to C 1 is one-half the difference between n n+ . The resulting thermodynamic functions are presented in Tables II, III, • . .
-21- When the vapor pressure calculations were first completed, it was evident that the predicted pressures of long chain molecules were extremely large in the 3500 -· 4000°K range. The L-F energie~ gave the lowest pressures but even these were too high to be consistent with the observed sublimation pressure 6 of 1 atm near 3700°K, and the triple point pressure 7 of about 100 atm at 4000°K.
While these data are subject to considerable uncertainty, the mos~ likely errors 27 (27) See L. Brewer, J. Chern. Phys. 16, 1165 (1948 .
would raise the temperatures assigned and make the inconsistency greater.
Consequently, it seemed likely that our -(F Number of carbon atoms MU -16953 Fig. 6. Calculated partial pressures of the various vapor species C in equilibrium with graphite at several temperatures. n .
-2-5-UCRL-8675 -26 .
In addition to the calculations of the partial vapor pressures, the total vapor pressure, the mean number of carbon atoms per molecule n, and the enthalpy per gm atom and per mole were calculated on the basis of the L-F energies and the adjusted free energy function increments. These values, which are for· the saturated vapor in equilibrium with solid graphite, are given in Table VI .
More significant figures are retained for n in Table VI be less flexible in terms of a given thermal energy, but at 4000 K carbon chains would be sufficiently flexible to form a disordered liquid-like phase.
Let us assume for liquid carbon the entropy per added carbon atom of long chains in the gas, which from Table IV It is also interesting t0 calculate the heat of sublimation at 4000°K, which is 17.6 kcal/gm atom, and then by deducting the heat of fusion one obtains for the heat of vaporization of the liquid 7 kcal/gm atom. If these values are at all close to the true properties, the vapor pressure cu.rV~ will show a very large decrease iri slope at the melting point because the heat of fusion is larger than the heat of vaporization of the liquid. 
Liquid carbon comprising long linear polymer molecules should be relatively viscous as is sulfur when it is in the polymeric state. Also, although the linear polymeric chains may be expected to be one dimensional metals, the macroscopic electrical conductance would be much less that of graphite with its two dimensional metallic character. respectively. Table I .
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